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DESCRIPTION 

PRESSURE VESSEL AND METHOD FOR PRODUCING THE SAME 

TECHNICAL FIELD 
The present invention relates to a pressure vessel used as a storage vessel for high 
pressure gas, and to a method for producing the pressure vessel. 

BACKGROUND ART 
Vessels made of steel have been used as storage vessel 5 for high pressure gas. 
However, vessels made of steel are heavy and a large amount of labor is necessary for 
moving and transportation. For example, in an automobile using gas foci, in order to 
reduce the weight of the automobile and to reduce fuel consumption, reducing the weight 
of a fuel storage vessel has been desired. 
1 5 As storage vessels for high pressure gas, pressure vessels made of a composite 

material, in which a resin liner or a metal liner is reinforced with a reinforced fiber, have 
been used instead of conventional steel vessels. The pressure vessel made of fiber 
reinforced composite material can increase charging pressure and reduce weight. 
Representative exarnples of winding process of the reinforced fiber in the 
20 production of the pressure vessel made of a fiber reinforced composite material include a 
filament winding process. The filament winding process is a process in which a 
continuous reinforced fiber impregnated in resin is wound around a liner such as a vessel 

y 

body, and then the resin is hardened to produce a pressure vessel made of fiber reinforced 
composite material. 

25 Patent document 1 suggests a pressure vessel comprising at least two fiber 
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reinforced composite material layers made of different kinds of reinforced fiber. The 
pressure vessel can increase burst pressure (improve a burst property) by adjusting a 
strand elastic modulus of an outer layer to be higher than that of an inner layer, and 
thereby stresses applied to the outer and inner layers are equivalent. 
5 [Patent document 1 ] Japanese Unexamined Patent Application, First Publication No. 
H6-331032 

FIG 3 shows a pressure vessel disclosed in Patent document 1 . The pressure 
vessel 50 comprises cover layers 52, 53, and 54, which are made of fiber reinforced resin, 
by winding reinforced materials covered with resin 52a, 53a, and 54a around a body 
10 portion 51a of a cylindrical metal liner 51 (vessel body), in this order, from an inner side 
to an outer side. 

In the pressure vessel 50, tensile stresses applied to each cover layer 52, 53, and 
54 in the circumferential direction are substantially equivalent by adjusting a strand 
elastic modulus of an outer layer to be higher than that of an inner layer Due to this, 
1 5 the pressure vessel 50 has high pressure tightness and reduced weight. 

Although the pressure vessel has sufficient burst pressure, it has another problem* 
That is, since the pressure vessel is broken into pieces, it is necessary to prevent 
scattering of the pieces. 

In addition, it is important for pressure vessels to have not only excellent burst 
20 property but also excellent fatigue property. In particular, the fatigue property of a 
pressure vessel comprising a liner (vessel body) made of metal such as aluminum is 
improved by subjecting it to an auto-frettage treatment at high pressure to apply 
compressive stress to the liner such that applied compressive stress is in a linearity range 
of the liner. * 

• •* 

25 However, when a pressure vessel is produced while compressive stress applied to 
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the liner is considered as a very important factor, there is a case in which burst pressure is 
larger than what is wanted. Inlcontrast, when a pressure vessel is produced while burst 
pressure is considered as a very important factor, the pressure vessel cannot endure the 
necessary compressive stress. As a result, there is a problem in that the weight of the 
5 pressure vessel increases. 

In addition, standards of pressure vessels such as High Pressure Gas Safety 
Institute of Japan (KHK) S 1 121 are standardized based on properties of glass fiber, in 
particular, fatigue property. Therefore, pressure vessels, which are produced using a 
reinforced fiber having excellent fatigue property, have unnecessary high safety. 

10 li 

r. ; 

DISCLOSURE OF THE INVENTION 
In consideration of the above-described problems, an object of the present 
invention is to provide a pressure vessel, which is excellent in fatigue property and burst 
property, and has reduced weight, and a method for producing a pressure vessel. 
15 The pressure vessel of the present invention comprises a fiber reinforced resin 

layer, which is made of a reinforced fiber impregnated in resin, on a surface of a vessel 
body, wherein the pressure vessel is produced by forming the fiber reinforced resin layer 
on the surface of the vessel body, hardening the fiber reinforced resin layer, and then 
applying an internal pressure and plastically deforming the vessel body such that a 
20 distortion of the surface of the vessel body in a circumferential direction of the vessel 

body be in a range of 0.7% to 0.9%, and wherein the pressure vessel has a burst pressure, 
which is 2.2 to 2.8 times as large as a charging pressure. 

The method for producing a pressure vessel of the present invention comprises 
the steps of: forming a fiber reinforced resin layer, which is made of a reinforced fiber 
25 impregnated in resin, on a surface of a vessel body; hardening the fiber reinforced resin 
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layer to obtain a pressure vessel having a burst pressure, which is 2.2 to 2.8 times as large 
as a charging pressure; and applying an internal pressure and plastically deforming the 
vessel body such that a distortion of the surface of the vessel body in a circumferential 
direction of the vessel body be in a range of 0.7% to 0.9%. 
5 According to the pressure vessel and the method for producing a pressure vessel 

of the present invention, since the vessel body is subjected to a treatment so called 
auto-frettage treatment, in which the vessel body is applied to an internal pressure and 
plastically deformed such that the distortion of the surface of the vessel body in the 
circumferential direction be in a range of 0.7% to 0.9%, and the pressure vessel has a 
1 0 burst pressure, which is 2.2 to 2.8 times as large as a charging pressure, the pressure 
vessel and the method for producing a pressure vessel of the present invention improve 
fatigue property and burst property of the pressure vessel, and reduce weight of the 
pressure vessel. 

•j 

1 5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 is a cross-sectional view showing one embodiment of the pressure vessel 

; 

! 

according to the present invention. 

FIGS. 2A to 2D are explanatory views for one method for producing the pressure 

i 

vessel shown in FIG 1 . • 
20 FIG 3 A is a partial cross-sectional view for explaining a conventional pressure 

vessel, and FIG 3B is an enlarged view showing a main part of the pressure vessel shown 
in FIG 3A. 

BEST MODE FOR CARRYING OUT THE INVENTION 
15 FIG 1 is a cross-sectional view showing one embodiment of the pressure vessel 
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according to the present invention. 

The pressure vessel 1 comprises a fiber reinforced resin layer 4, which is made of 
a reinforced fiber 3 impregnated in resin, on the surface of a substantially cylindrical 
vessel body 2. In FIG.jl, reference numeral 2a denotes a body of the pressure vessel, 2b 

r 

5 denotes an open portion, and 2c denotes a bottom. 

The vessel body 2 is preferably made of metal. There is no limitation for metal 
comprising the vessel body 2, but examples of the metal include aluminum alloys, 
magnesium alloys, and iron. In particular, aluminum alloys are preferable for reducing 
the weight of the vessel body 2. 
1 0 The fiber reinforced resin layer 4 preferably has a multilayer structure. The 

fiber reinforced resin layer 4 shown in FIG. 1 has a structure comprising a 
circumferential orientation layer 3 a in which a reinforced fiber resin 3 is wound around 
the vessel body 2 such that the orientation direction of the reinforced fiber resin 3 is the 

ta 

circumferential direction of the vessel body 2 r and an axial orientation layer 3b in which 
15 the reinforced fiber resin 3 is wound around the circumferential orientation layer 3 a such 
that the orientation direction of the reinforced fiber resin 3 is the axial direction of the 
vessel body 2. 

In the present invention, the fiber reinforced resin layer is not limited to the layer 
shown in the figures, and can have a structure in which a plurality of circumferential 

20 orientation layers and axial orientation layers are alternately layered on the vessel body. 

f 

In particular, when the outermost layer of the fiber reinforced resin layer 4 is the 
circumferential orientation layer 3a, good appearance is obtained. A number and a 
thickness of each layer can be determined depending on an intended use, a kind of 
content, and a size of the pressure vessel, and the like. 
25 The resin (matrix resin) impregnating a reinforced fiber is not particularly limited, 
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but examples thereof include epoxy resin, vinyl ester resin, phenol resin, acrylic resin, 
and the like. 

The reinforced fiber is not particularly limited, but examples thereof include 
carbon fiber, glass fiber, aramid fiber, boron fiber, PBO fiber, and the like. 
5 In addition, when a reinforced fiber having ductility in a range of 1 A% to 1 .6% is 

used, excellent fatigue property and burst property are effectively obtained. 

Fatigue property and burst property are improved by using two or more kinds of 
reinforced fibers having different strand elastic moduli. For example, fatigue property 
and burst property are improved by making the fiber reinforced resin layer 4 comprise a 
1 0 plurality of layers, that is, making the fiber reinforced resin layer 4 have a multilayered 
structure, and adjusting a strand elastic modulus of one layer constituting the fiber 
reinforced resin layer 4 to be different firom a strand elastic modulus of another layer 
constituting the fiber reinforced resin layer 4. In this case, when a strand elastic 
modulus of an inner layer (a layer near the vessel body 2) is high, the pressure vessel 
1 5 does not readily break into pieces, and safety of the pressure vessel is improved. 

When a strand elastic modulus of the reinforced fiber is 250 GPa or greater, 
fatigue property is improved and the weight of the pressure vessel is reduced. 

Next, one example of a method for producing the pressure vessel 1 is explained. 
( 1 ) Formation of the fiber reinforced resin layer 
20 As shown in FIG. 2A, tl^e reinforced fiber resin 3 is obtained by impregnating the 

reinforced fiber 8 in a matrix resin 7 in a container 6. 

Next, while the vessel body 2 rotates in the circumferential direction, the 
reinforced fiber resin 3 is wound around the vessel body 2. Due to this, the 
circumferential orientation layer 3a, in which the fiber orientation direction of the 
25 reinforced fiber resin 3 is the circumferential direction of the vessel body 2, is formed. 
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After that, the axial orientation layer 3b is formed. In order to form the axial orientation 
layer 3b, the fiber orientation direction of the reinforced fiber resin 3 is adjusted to the 
longitudinal direction of the vessel body 2. Thereby, an intermediate vessel 5, which 
comprises the circumferential orientation layer 3a and the axial orientation layer 3b, is 
5 obtained. 

In order to form further the reinforced fiber resin layer 3 on the axial orientation 
layer 3b, the same method as explained above can be adopted. 

(2) Hardening of the fiber reinforced rein layer 

As shown in FIG. 2B, the obtained intermediate vessel 5 is heated in a heating 
10 furnace 9. 

i 

The heating temperature is preferably in a range of 40 to 1 80°C. When the heat 
temperature is less than 40°C, or more than 1 80°C, fatigue property and burst property of 
the pressure vessel 1 are degraded. 

The fiber reinforced resin layer 4 is hardened by this heat treatment. 
15 In the present invention, production conditions are adjusted such that the burst 

pressure is 2.2 to 2.8 times : as large as the charging pressure (and preferably in a range of 

* * - 

2.4 to 2,7 times). [I 

(3) Auto-frettage treatment 

As shown in FIG. 2C, an auto-frettage treatment is carried out such that the 
20 distortion of the vessel surface in the circumferential direction is 0.7% or greater (and 
more preferably 0.75% or greater) and 0.9% or less (and more preferably 0,85% or less) 
using the auto-frettage machine 10. The auto-frettage treatment is a treatment in which 
the internal pressure of the intermediate vessel 5 increases (below, a largest internal 
pressure at this time is denoted by an auto-frettage treatment pressure) to plastically 
25 deform the vessel body comprising a liner, and then the internal pressure decreases, and 
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thereby compressive stress is applied to the vessel body 2 due to stiffness of the fiber 

\ ^ 

reinforced resin layer 4. 

The auto-frettage treatment pressure is preferably 5/3 or greater times as large as 
a charging pressure arid less than a burst pressure. If the auto-frettage treatment 
5 pressure is kept in this range, when filling and discharging of a charging medium are 
carried out repeatedly, which applies compressive stress to the vessel body 2, since 
pressure applied to the vessel body 2 is in a range of linearity of material comprising the 
vessel body 2, excellent fatigue property is yielded. 

When the auto-ftpttage treatment pressure is outside of the range (in which the 
10 distortion of the vessel surface in the circumferential direction is in a range of 0,7% to 
0.9%), fatigue property and burst property of the pressure vessel 1 are degraded. 

The pressure vessel 1 i$ obtained by these processes (as shown in FIG. 2D). 

As explained above, the production conditions of the pressure vessel 1 are 
15 adjusted such that a burst pressure is 2.2 to 2.8 times as large as a charging pressure (and 

preferably in a range of 2.4 to 2.7 times). 

I 

When a burst pressure is less than 2.2 times as large as a charging pressure, 

}■ 

fatigue property and burst property of the pressure vessel 1 are insufficient. In contrast, 
when it excesses 2.8 times as large as a charging pressure, fatigue property and burst 
20 property of the pressure vessel 1 are excessive. In this case, since the weight of the 
vessel increases, it is not preferable. 

A burst pressure denotes an internal pressure of a vessel when the vessel is 
bursted by increasing an internal pressure of the vessel. 

Since a distortion of the vessel surface in the circumferential direction when the 
25 vessel is subjected to the auto-fifettage treatment is in a range of 0,7% to 0.9%, and a 
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burst pressure is 2.2 to 2,8 times as large as a charging pressure, it is possible to improve 
fatigue property and burst property of the pressure vessel 1 and make the reinforced fiber 
resin 3 (fiber reinforced resin layer 4) thinner, and reduce the weight. 

5 Examples • 

Below, functions and effects of the pressure vessel according to the present 
invention will be explained with reference to embodiments. 

Evaluation methods in Examples and Comparative Examples are explained. 
(1) Measuring method for burst pressure (burst property) 
1 0 The produced pressure vessel was arranged in a water pressure burst tester 

marketed by Mitsubishi Rayon Co., Ltd., and water pressure at a pressure rise rate of 1 A 
MPa or less was applied to the vessel, and the pressure when the vessel bursted was 
measured. The measurement was carried out 3 times, and the average of these results 
was calculated. 
15 (2) Fatigue property 

The produced pressure vessel was arranged in a water pressure cycle tester 
marketed by Mitsubishi Rayon Co., Ltd., and pressure fluctuation, in which an internal 
pressure of the vessel increased from atmospheric pressure to a pressure, which was 5/3 
times as large as a charging pressure and then pressure reduced to atmospheric pressure, 

i 

20 was repeatedly at the rate;of about 2 times/min until the vessel bursted. The number of 
pressure fluctuation needed to burst the vessel was counted. The measurement was 
carried out 3 times, and the average of these results was calculated. 
(3) Weight reduction property 

Weight reduction property was evaluated by measuring the weight of the fiber 

25 reinforced resin layer 4 of the pressure vessel. 
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The materials used in the Examples and Comparative Examples were as follows. 
(1) Reinforced fiber 

(a) Reinforced fiber 1 : A carbon fiber TRH 50- 1 2L marketed by Mitsubishi 
5 Rayon Co., Ltd.; diameter of a single fiber: 7 jxm; filament number: about 12,000; strand 

strength: 4,900 MPa; strand elastic modulus: 255 GPa; and ductility: 1.9% 

(b) Reinforced fiber 2: A carbon fiber MR 40-12K marketed by Mitsubishi 
Rayon Co., Ltd.; diameter of a single fiber: 6 \un; filament number: about 12,000; strand 
strength: 4,400 MPa; strand elastic modulus: 295 GPa; and ductility: 1.5% 

10 (c) Reinforced fiber 3: A carbon fiber MR 50-12K marketed by Mitsubishi 

Rayon Co., Ltd.; diameter of a single fiber: 6 \xm; filament number: about 12,000; strand 
strength: 5,300 MPa; strand elastic modulus: 290 GPa; and ductility: 1.8% 

(d) Reinforced fiber 4: A carbon fiber HR 40- 1 2K marketed by Mitsubishi 
Rayon Co>, Ltd.; diameter tof a single fiber: 6 nm; filament number: about 12,000; strand 

15 strength: 4,600 MPa; strand elastic modulus: 390 GPa; and ductility: 1 .2% 

(e) Reinforced fiber 5: A carbon fiber TR 50S-ALA-12L marketed by 
Mitsubishi Rayon Co., Ltd.; diameter of a single fiber: 7 |im; filament number: about 
12,000; strand strength: 4,900 MPa; strand elastic modulus: 238 GPa; and ductility: 2.0% 

20 (2) Matrix resin 

Resin 1 : Epoxy resin #700B (composition: EPICOAT® 828/ XN1 045/ 
BYK-A506) marketed by Mitsubishi Rayon Co., Ltd. 

(3) Toe pre°impregnation material 
25 (a) Toe pre-impregnation material 1 : WDE-3D-1 (MR60H-24P) comprising 
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one toe marketed by Newport Adhesives and Composites Inc. 

This toe pre-impregnation material 1 is obtained by previously impregnating a 
carbon fiber MR 60H-24P marketed by Mitsubishi Rayon Co., Ltd with epoxy resin 
(viscosity at 50°C: about 30 poise), and this has a width of about 4 mm, and resin 
5 impregnation percentage of about 28% by mass. The carbon fiber used has a diameter 
of a single fiber of 5 Jim, filament number of about 24,000, strand strength of 5,700 MPa, 
and strand elastic modulus of 295 GPa. 

(b) Toe pre-impregnation material 2; WDE-3D-1 (HR40-12L) marketed by 
Newport Adhesives and Composites inc. 
10 This toe pre-impregnation material 2 is obtained by changing a carbon fiber 

MR60H-24P comprising the toe pre-impregnation material 1 to a carbon fiber HR40-12L 
marketed by Mitsubishi Rayon Co., Ltd.. This has a width of about 3.5 mm, and resin 
content of about 28% by mass. The carbon fiber used has a diameter of a single fiber of 

"4 • 

7 |im, filament number of about. 12,000, strand strength of 4,600 MPa, and a strand 

1 5 elastic modulus of 390 GPa. 

In the toe pre-impregnation materials 1 and 2, a strand elastic modulus was 
measured by preparing test pieces in accordance with JIS R 761 0, recording a load- 
elongation curve in a tensile test, and calculating based on the inclination of the 
load-elongation curve (specifically, based on AP/AL, wherein AP denotes an increase 

20 amount (20 kgf) of load from 40 kgf to 60 kgf 7 and AL denotes an increase of length of 
material by applying the load). The resin, which was used to prepare the test pieces, 

was epoxy resin containing ERL-4221 (alicyclic epoxy resin; marketed by Dow 

if 

Chemical Japan Ltd,) and anchor 1 115 (monoisopropylamine boron trifluoride complex; 
marketed by PT1 Japan Ltd.) as hardening agents. 

25 



i 
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(4) Vessel main body 

An aluminum vessel main body having a capacity of 9 liters (total length: 540 



mm, length of the body portion: 



415 mm, outer diameter of the body portion: 163 mm, 



thickness at the center of the bo j dy portion: 3 mm) was used. 

5 ! 

.* 

c 

Example 1 \[ 

A pressure vessel having a charging pressure of 70 MPa was produced by the 
following processes. 

As shown in FIG. 2A, the reinforced fiber resin 3, in which the Reinforced fiber 2 

1 0 was impregnated in the Resin 1 , was wound around the vessel body 2 using a filament 
winding machine marketed by Entec Composite Machines Inc, to produce the fiber 
reinforced resin layer 4. The reinforced resin layer 4 had a five-layer structure 
comprising the circumferential orientation layer 3 a/ the axial orientation layer 3b/ the 
circumferential orientation layer 3a/ the axial orientation layer 3b/ the circumferential 

15 orientation layer 3a from the inner side to the outer side. The thickness of the fiber 

reinforced resin layer 4 at the center of the body portion of the intermediate vessel 5 was 
about 13 mm. 

As shown in FIG. 2B, the intermediate vessel 5 was put in a heating furnace 9, 
and the temperature inside the heating furnace 9 increased from room temperature to 

20 1 35°C at 1 °C/min.. After confirmation of increase of the temperature at the surface of 
the fiber reinforced resin layer 4 to 135°C, the intermediate vessel 5 was allowed to stand 
for 1 hour. After that, the temperature of the heating furnace 9 was decreased to 60°C 
at 1 0 C/min., then the intermediate vessel 5 was taken out from the heating furnace 9, and 
this was allowed to stand to cool to room temperature. The weight of the reinforced 

25 resin layer 4 was 5,653 g. 
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As shown in FIG. 2C, the intermediate vessel 5 was subjected to an auto-frettage 
treatment, in which the auto-frettage temperature was 125 MPa, using the auto-frettage 
machine 10 marketed by Mitsubishi Rayon Co. Ltd. to apply compressive pressure to the 
vessel body 2, and thereby the pressure vessel 1 was produced. The distortion of the 
5 surface of the vessel in the circumferential direction during the auto-frettage treatment 
was 0.81%. 

The burst pressure (average) of the resulting pressure vessel was 1 84 MPa. This 
value was 2.6 times as large as the charging pressure. Each pressure vessel 1 bursted 
ideally such that only a hole was formed near the center of the body portion and the 
10 pressure vessel was not divided. 

As a result of the fatigue property test, a number (average) of pressure 
fluctuations needed to burst the pressure vessel 1 was 1 1,078 times. 

As explained above, it was confirmed that the pressure vessel 1 had excellent 
burst property and fatigue property. In addition, since the pressure vessel 1 of the 
1 5 Example 1 comprised of the fiber reinforced resin layer having a weight of 5,653 g, the 

i 

weight of the pressure vessel 1 was reduced. 

Comparative Example 1 \ 

A pressure vessel having a charging pressure of 70 MPa was produced by the 
20 following processes. In the Comparative Example 1 , a reinforced fiber having a 
relatively high ductility was used. 

The fiber reinforced resin layer 4 comprising reinforced fiber resin 3, in which the 
Reinforced fiber 1 was impregnated in the Resin 1, was wound around the vessel body 2 
to produce the intermediate vessel 5. The reinforced resin layer 4 had the same 
25 five-layer structure as in the Example 1 . The thickness of the fiber reinforced resin 
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layer 4 at the center of the body portion of the intermediate vessel 5 was about 1 5 mm. 

The intermediate vessel 5 was subjected to the heating treatment similarly in the 
Example 1 . The weight of the reinforced resin layer 4 was 6,641 g. 

After that, the intermediate vessel 5 was subjected to the same auto-ftettage 
5 treatment as in the Example 1 tq produce the pressure vessel, The distortion of the 
surface of the pressure vessel in the circumferential direction during the auto-frettage 
treatment was 0.8 1 %. 

The burst pressure of the resulting pressure vessel was 23 1 MPa. This value 
was 3.3 times as large as the charging pressure. Each pressure vessel 1 bursted ideally 
1 0 such that only a hole was formed near the center of the body portion and the pressure 
vessel was not divided. 

As a result of the fatigue property test, a number of pressure fluctuations needed 
to burst the pressure vessel 1 was 1 0,8 1 8 times. 

It was confirmed that since the pressure vessel 1 prepared in the Comparative 
1 5 Example 1 had improved burst property and fatigue property by using a reinforced fiber 
having a high ductility, the pressure vessel 1 had high level fatigue property, but the 
weight increased. 

\ 

Comparative Example 2 ; 
20 A pressure vessel having a charging pressure of 70 MPa was produced by the 

following processes. In the Comparative Example 2, a reinforced fiber having a relative 
low ductility was used. 

The fiber reinforced resin layer 4 comprising a reinforced fiber resin 3, in which 
the Reinforced fiber 4 was impregnated in the Resin 1, was formed on the vessel body 2 

25 to produce the intermediate vessel 5. 

i 

\ 
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The reinforced resin layer 4 had the same five-layer structure as in the Example 1. 
The thickness of the fiber reinforced resin layer 4 at the center of the body portion of the 
intermediate vessel 5 was about 9 mm. 

The intermediate vessel 5 was subjected to the heating treatment similarly in the 
5 Example 1 . The weight of the reinforced resin layer 4 was 4, 1 29 g. 

After that, the intermediate vessel 5 was subjected to the same auto-frettage 
treatment as in the Example Lto produce the pressure vessel. The distortion of the 
surface of the pressure vessel in the circumferential direction during the auto-frettage 
treatment was 0.8 1 %. 

10 The burst pressure of the resulting pressure vessel was 148 MPa. This value 

was 2. 1 times as large as the charging pressure. The pressure vessel was divided at near 
the center of the body portion- 
As a result of the fatigue property test, a number of pressure fluctuations needed 
to burst the pressure vessel 1 was 4,783 times. 

IS It was confirmed that the pressure vessel 1 prepared in the Comparative Example 

i 

2 had a reduced weight by using a reinforced fiber having a low ductility, but the burst 
pressure decreased and the charging pressure also decreased, and the fatigue property 

A 

also degraded. 
20 Example 2 

A pressure vessel having a charging pressure of 70 MPa was produced by the 
following processes. 

The circumferential orientation layer 3a/ the axial orientation layer 3b/ the 
circumferential orientation layer 3a were formed in this order on the vessel body 2 using 
25 a reinforced fiber resin 3, in which the Reinforced fiber 4 was impregnated in the Resin 
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Next, the intermediate vessel 5 was produced by forming the axial orientation 
layer 3b/ the circumferential orientation layer 3a were formed in this order on the 
circumferential orientation layer 3a using a reinforced fiber resin 3, in which the 
5 Reinforced fiber 3 having ductility larger than that of the Reinforced fiber 4 was 
impregnated in the Resin \ . 

In the pressure vessel 1, the fiber reinforced resin layer 4 had a five-layer 
structure, and the strand elastic modulus of the reinforced fiber used in the inner three 
layers was higher than the strand elastic modulus of the reinforced fiber used in the outer 
10 two layers. 

The thickness of the fiber reinforced resin layer 4 at the center of the body portion 
of the intermediate vessel 5 was about 1 0.5 mm. 

The intermediate vessel 5 was subjected to the heating treatment similarly in the 
Example 1 . The weight pf the reinforced resin layer 4 was 4,861 g. 
1 5 After that, the intermediate vessel 5 was subjected to the same auto-frettage 

treatment as in the Example 1 to produce the pressure vessel. The distortion of the 
surface of the pressure vessel in the circumferential direction during the auto-frettage 
treatment was 0.81%. 

The burst pressure of the resulting pressure vessel was 1 88 MPa. This value 
20 was 2.7 times as large as the charging pressure. Each pressure vessel 1 bursted ideally 
such that only a hole was formed near the center of the body portion and the pressure 
vessel was not divided. 

\ 

As a result of the fatigue property test, a number of pressure fluctuations needed 
to burst the pressure vessel 1 was 1 0,329 times, 
25 It was confirmed that the pressure vessel 1 had excellent burst property results 
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and fatigue property results, and the weight of the pressure vessel 1 was reduced. 

Comparative Example 3 

A pressure vessel having a charging pressure of 70 MPa was produced by the 
5 following processes. 

i 

4 

The intermediate vessel; 5 was produced by forming the fiber reinforced resin 
layer 4 on the vessel body 2 using a reinforced fiber resin 3, in which the Reinforced 
fiber 5 was impregnated in the Resin 1. 

The reinforced resin layer 4 had the same five-layer structure as in the Example 1 . 
10 The thickness of the fiber reinforced resin layer 4 at the center of the body portion of the 
intermediate vessel 5 was about; 16.5 mm. 

The intermediate vessel 5 was subjected to the heating treatment similarly in the 

i 

Example 1 . The weight of the reinforced resin layer 4 was 7,355 g. 

After that, the intermediate vessel 5 was subjected to the same auto-frettage 
15 treatment as in the Example 1 to produce the pressure vessel. The distortion of the 
surface of the pressure vessel in the circumferential direction during the auto-frettage 
treatment was 0,81%. 

The burst pressure of the resulting pressure vessel was 247 MPa. This value 
was 3 .5 times as large as the charging pressure. Each pressure vessel 1 bursted ideally 
20 such that only a hole was formed near the center of the body portion and the pressure 

i 

vessel was not divided. 

As a result of the fatigue property test, a number of pressure fluctuations needed 
to burst the pressure vessel 1 was 10,818 times. 

It was confirmed that the pressure vessel 1 had excellent burst property and 
25 fatigue property, but this had inferior weight reduction property. 
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Comparative Example 4 

A comparative pressure vessel having a charging pressure of 70 MPa was 
produced in a manner identical to that of the Example 1 , except that the auto-frettage 
5 treatment pressure was 1 05 MPa. The weight of the reinforced resin layer 4 was 5,63 1 
g. 

The distortion of the surface of the pressure vessel in the circumferential direction 
during the auto-frettage treatment was 0.68%. 

In addition, the burst pressure of the resulting pressure vessel was 186 MPa. 
1 0 This value was 2.7 times as large as the charging pressure. Each pressure vessel bursted 
ideally such that only a hole was formed near the center of the body portion and the 
pressure vessel was not divided. 

As a result of the fatigue property test, a number of pressure fluctuations needed 
to burst the pressure vessel 1 was 1,055 times. 
1 5 The pressure vessel which had the auto-frettage treatment pressure was less than 

5/3 times as large as the charging pressure (70 X 5/3 = 1 1 7 MPa), had a remarkably 
inferior fatigue property, 

i 

t 

Comparative Example 5 

\ . i 

20 A comparative pressure vessel having a charging pressure of 70 MPa was 

»\ 

produced in a manner identical to that of the Example 1, except that the auto-frettage 
treatment pressure was 1 40 MPa. The distortion of the surface of the pressure vessel in 
the circumferential direction during the auto-frettage treatment was 0.91%. The weight 
of the reinforced resin layer 4 was 5,647 g. 
25 In addition, the burst pressure of the resulting pressure vessel was 1 83 MPa. 
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This value was 2.6 times as large as the charging pressure. Each pressure vessel bursted 
ideally such that only a hole was formed near the center of the body portion and the 
pressure vessel was not divided. 

As a result of the fatigue property test, a number of pressure fluctuations needed 
5 to burst the pressure vessel 1 was 1,612 times. 

Since the pressure vessel had a high auto-frettage treatment pressure, compressive 
stress which was applied to the vessel body under conditions in which a load was not 
applied, exceeded the yield point of the material comprising the vessel body, and the 
pressure vessel had a remarkably inferior fatigue property. 

10 

Example 3 

A pressure vessel having a charging pressure of 70 MPa was produced in a 
manner identical to that of the Example 2, except that the Toe pre-impregnation material 
2 was used instead of the reinforced fiber resin in which the Reinforced fiber 4 was 
15 impregnated in the Resin 1, and the Toe pre-impregnation material 1 was used instead of 
the reinforced fiber resin in which the Reinforced fiber 3 was impregnated in the Resin 1 . 
The weight of the reinforced resin layer was 4,608 g. 

The distortion of the surface of the pressure vessel in the circumferential direction 
during the auto-frettage treatment was 0,81%. 
20 In addition, the burst pressure of the resulting pressure vessel was 1 87 MPa. 

This value was 2.7 times as large as the charging pressure. Each pressure vessel bursted 
ideally such that only a hole was formed near the center of the body portion and the 
pressure vessel was not divided. 

As a result of the fatigue property test, a number of pressure fluctuations needed 
25 to burst the pressure vessel 1 was 10,186 times. 

si 
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The results obtained in the Examples and the Comparative Examples are shown 
in Table U 

The pressure vessels obtained in the Examples 1 to 3 had superior burst property 
5 and fatigue property, and had reduced weight, and they bursted ideally. 

In contrast, even when the comparative pressure vessel had superior burst 
property and fatigue property, they had a problem in reducing weight (Comparative 
Examples 1 and 3). Even when the comparative pressure vessel has reduced weight, 
they had inferior burst property and fatigue property (Comparative Examples 2, 4, and 5). 
10 The bursted conditions of the comparative pressure vessel obtained in the Comparative 
Example 2 were inferior. 
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INDUSTRIAL APPLICABILITY 
As explained above, irfthe pressure vessel and the method for producing a 
pressure vessel of the present invention, since the distortion on the surface of the vessel 
in the circumferential direction during the auto-frettage treatment of the fiber reinforced 
5 resin layer is in a range of 0.7°>o to 0.9%, and the burst pressure is adjusted to be 2.2 to 
2.8 times as large as the charging pressure, the fatigue property and the burst property are 
improved, and the weight of the pressure vessel is reduced. 

The pressure vessel of the present invention is used preferably as a storage vessel 
for high pressure gas. 

10 The present invention can be changed as far as the change of the constitution is 

« 

within the scope of the present invention. The embodiments explained above are simple 

examples, the present invention is not limited to the above embodiments. In addition, 

j 

the scope of the present invention is limited only by the claims, and is not limited by the 
foregoing description. Modifications, as far as which are in the range of claims and 
1 5 equivalents thereof, can be made in the present invention. 
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